In the study of biodiversity it is important to have a reliable system for identification of various genetically distinct units (species, subspecies, etc.). One of the most efficient tools available today is the polymerase chain reaction (PCR) with diagnostic primers that yield a detectable product for one taxon but not for other taxa. Critical to this method is the identification of diagnostic DNA fragments from which primers can be designed. Representational difference analysis (RDA) can reliably isolate DNA fragments that specify a particular taxon. In this report we demonstrate the utility of the technique by the development of binary markers that distinguish between two cryptic species of voles (genus Microtus ).
In the study of biodiversity it is important to have a reliable system for identification of various genetically distinct units (species, subspecies, etc.) . One of the most efficient tools available today is the polymerase chain reaction (PCR) with diagnostic primers that yield a detectable product for one taxon but not for other taxa. Critical to this method is the identification of diagnostic DNA fragments from which primers can be designed. Representational difference analysis (RDA) can reliably isolate DNA fragments that specify a particular taxon. In this report we demonstrate the utility of the technique by the development of binary markers that distinguish between two cryptic species of voles (genus Microtus ).
Although it is possible to distinguish cryptic species using common methods such as sequencing or karyotyping, a fast yes/no-type of assay is highly desirable. Such an assay is especially valuable when large-scale studies are conducted in which significant numbers of individuals need to be unambiguously identified. The real challenge, however, is isolating markers that can be used in this assay. RDA provides a solution to this problem, allowing complex mammalian genomes to be compared and differences between them to be isolated. We employed RDA for the development of genetic markers capable of distinguishing two closely related species of voles ( Microtus arvalis and M. rossiaemeridionalis ). These two taxa are indistinguishable under field conditions and are truly sympatric over expansive portions of their ranges (Zagorodnyuk 1991) , but can be reliably identified based on karyotypes ( M. arvalis 2 n = 46, FN = 58 -90; M. rossiaemeridionalis 2 n = 54, FN = 54). Knowing the karyotypes of animals makes it easy to test the efficacy of developed markers. As a result of our experiments, we obtained two primer pairs: one specific for M. arvalis , another for M. rossiaemeridionalis (Table 1 and Fig. 1 ).
Specimen collection, identification and isolation of genomic DNA. All specimens, including ones used in the original RDA experiments and in marker testing, were collected in northern Ukraine from several localities around Chernobyl and karyotyped as described in Baker et al . (1996) . High-molecular-weight genomic DNA was isolated from frozen liver samples.
RDA and analysis of difference products. RDA was carried out as described by Lisitsyn & Wigler (1995) , with slight modifications concerning difference products purification between rounds of enrichment. (For a complete and well-written stepby-step explanation of the RDA procedure see Lisitsyn (1995) . We used Bgl II restriction enzyme and oligonucleotide adapters RBgl12 and RBgl24 (Lisitsyn et al . 1993 ) to prepare amplicons from M. arvalis and M. rossiaemeridionalis genomic DNAs. Two reciprocal experiments were then performed using (A) M. arvalis amplicons as the tester ( M. rossiaemeridionalis as the driver), and (B) M. rossiaemeridionalis as the tester ( M. arvalis as the driver). Difference products obtained after three rounds of RDA were analysed on agarose gel and the most prominent bands were excised and cloned into pGEM-T vector (Promega). Fifteen clones per cloned band were amplified using vector-situated primers. Amplification products were then digested with the restriction endonuclease Sau 3AI (Promega) and run on an agarose gel. Products displaying identical restriction fragment patterns were considered to be a 'family' of sequences representing the same RDA product. To identify diagnostic RDA products, a member of each 'family' was then labelled with [ α 32 P]-dCTP (NEN laboratories) using a Random Primed DNA labelling kit (Boehringer Mannheim). Radioactively labelled RDA products were hybridized to blots prepared using Bgl II endonuclease (Promega). To ensure complete digestion of the genomic DNA we used an excess of the restriction enzyme and long incubation times. Additionally, sets of filters with digested genomic DNA of different individuals were prepared and hybridized, producing patterns identical to those in Fig. 1 . Products identified as diagnostic based on hybridization (either presence of hybridization in the case of tester DNA and absence in the case of driver or different patterns of hybridization between tester and driver; Fig. 1 ) were sequenced using the dRhodamine Terminator Ready kit (Perkin-Elmer) and an ABI 310 autosequencer. Primers to individual difference products were designed using the Oligo 4.05 program and tested on the genomic DNA of previously karyotyped animals.
Results. We performed two reciprocal RDA experiments using DNA from M. arvalis as the tester and DNA from M. rossiaemeridionalis as the driver in experiment A (Fig. 1A) and reciprocal experiment B (Fig. 1B) . In experiment A RDA using DNA from M. arvalis as the tester yielded a single, most abundant product. It was cloned (clone Mar 14) and used as a probe in a Southern hybridization experiment with digested genomic DNA from M. arvalis and M. rossiaemeridionalis . The hybridization pattern (Fig. 1A) was different for tester and driver DNA, suggesting that we isolated a genomic difference. Based on the hybridization pattern it is possible to conclude that Mar 14 is a socalled polymorphic amplifiable restriction fragment (PARF, see Lisitsyn et al . 1993) , that is, a sequence that is present in both tester and driver genomes but differently flanked by restriction sites. However, as shown below, Mar 14-specific primers generate amplification products only when M. arvalis DNA is used as the template, suggesting that there is only a partial homology between Mar 14 sequence and the hybridizing region of the M. rossiaemeridionalis genome. The nucleotide sequence of Mar 14 was determined (Accession no. AF093582) and compared to the ENTREZ database (HTTP://www.ncbi.nlm.nih.gov/Entrez). No matching entries were found. Primers complementary to the sequence of Mar 14 were then designed and tested on genomic DNA isolated from individuals of M. arvalis ( N = 10) and M. rossiaemeridionalis (N = 10) that were collected in different locations and identified by karyotyping. As shown in Fig. 1A , these primers ( Mar 14F and Mar 14R; Table 1 ) produced amplification products only with genomic DNA from M. arvalis ; therefore, within this experimental design they are diagnostic for this species.
Three difference products were obtained in experiment B . All three displayed different patterns of hybridization to the tester and driver DNAs. One of these products, designated Mro 16, was analysed in detail (Southern hybridization of labelled Mro 16 to the tester and driver DNA is shown on Fig. 1B) . Based on the hybridization pattern (presence of multiple bands) it is possible to conclude that Mro 16 represents a repetitive element unique to M. rossiaemeridionalis . Mro 16 was sequenced and its sequence (Accession no. AF093583) was compared to the ENTREZ database. This analysis revealed a highly similar sequence representing a M. rossiaemeridionalis B1-like element containing repeat (Accession no. U36930; Mayorov et al . 1996) . Primers complementary to the sequence of Mro 16 ( Mro 16F and Mro 16R; Table 1 ) were designed and tested as described above. Subsequent amplification generated products only from the genomic DNA of M. rossiaemeridionalis and, within our sample, primers Mro 16F and Mro 16R were diagnostic for M. rossiaemeridionalis .
Our goal was to employ RDA for the isolation of DNA fragments unique to each of two cryptic species of voles ( M. arvalis and M. rossiaemeridionalis ). It allowed us to design PCR primers that generate a diagnostic amplification product unique to each species.
